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Introduction: Surgical treatment of the orbital fractures is used in an attempt to prevent
or  treat complications, such as the enophthalmos, double vision, or limitations in ocular
movements. The aim of this study is to carry out a systematic review of the literature in order
to  quantify the fault area in orbital walls. It also aims to increase the volume of the orbital
cavity in the orbital traumatism that determines the appearance of ocular symptomatology
and that, in turn, may require surgical reconstruction.
Material and methods: An electronic search was conducted in Medline (Pub-Med) using the
terms: “orbital”, “volume”, “fracture”, “enophthalmos” and “computer”. Only these studies
that  relied on CT measurements, only included fractures of ﬂoor and medial wall of the
orbit, and fulﬁlled the criteria for high methodological quality, were selected.
Results: Various studies determine that fractures with areas greater than 1.10–2.00 cm2, as
well  as an increase in orbital volume, will lead to the appearance of enophthalmos in 10–15%
of  the cases. In addition, for every 1 cm3 increase in the volume of the orbital cavity, the
enophthalmos increases between 0.47 mm and 0.90 mm.
Conclusions: According to the published results, surgical orbital reconstruction is indicated
for  faults greater than 2 cm2, with a volume greater than 1.62 cm3, an orbital volume greater
than  10–15% of the orbital cavity, or when the fracture is located in the innermost region,
between the ﬂoor and medial wall of the orbit in the so called “key area”.
©  2013 SECOM. Published by Elsevier España, S.L.U. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introducción: El tratamiento quirúrgico de las fracturas orbitarias pretende prevenir o tratar
complicaciones tales como el enoftalmos, la diplopía o la limitación de los movimientos
oculares. El objetivo de este estudio es realizar una revisión sistemática de la literatura para
cuantiﬁcar el área del defecto de paredes orbitarias y el incremento de volumen de la cavidad
orbitaria en traumatismos orbitarios que va a determinar la aparición de sintomatología
ocular y que, por tanto, indica la reconstrucción quirúrgica.
Material y métodos: Se ha realizado una búsqueda electrónica en Medline (PubMed) uti-
lizando los términos: «orbital»,  «volume», «fracture»,  «enophthalmos» y «computer». Se
seleccionaron aquellos estudios que realizaban mediciones sobre TC, que incluían exclusi-
vamente fracturas de suelo y pared medial de la órbita y que cumplían los criterios de alta
calidad metodológica.
Resultados: Los distintos estudios determinan que fracturas con áreas de defectos superiores
a  1,10-2,00 cm2 así como incrementos de volumen orbitario superiores al 10-15% conducirán
a  la aparición de enoftalmos. Además, por cada cm3 de incremento de volumen de la cavidad
orbitaria, se produce un aumento del enoftalmos entre 0,47 y 0,90 mm.
Conclusiones: Según los resultados publicados, estaría indicada la reconstrucción quirúr-
gica  orbitaria ante un defecto superior a 2 cm2, ante un incremento de volumen superior a
1,62  cm3, ante incrementos de volumen orbitario superiores al 10-15% de la cavidad orbitaria
o  cuando la fractura se localiza en la región más posterior, entre el suelo y la pared medial
de  la órbita en la llamada «área clave».
© 2013 SECOM. Publicado por Elsevier España, S.L.U. Este es un artículo Open Access
bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
The purpose of the surgical treatment of orbital fractures is
to restore the anatomy by reconstructing the orbital walls
and reducing herniated soft tissues. Surgical reconstruction
is indicated in order to prevent sequelae or to treat the com-
plications derived from fractures of this type, such as such
entrapment of the extraocular musculature, diplopia, limited
ocular motility or enophthalmos.1
With respect to enophthalmos, the critical cut-off that
classically indicates surgical orbital reconstruction is deter-
mined by the very deﬁnition of enophthalmos: a difference
in the ocular position between the 2 eyes greater than or
equal to 2 mm,  measured on the anteroposterior axis by Hertel
exophthalmometry.2,3
The explanation for why it is necessary to know the size of
the orbital fracture defect that indicates surgical reconstruc-
tion lies in the fact that early surgical treatment of orbital
fractures could reduce the complications outlined above, pro-
vided it is performed within the ﬁrst 2 weeks after the injury.4,5
Moreover, the edema and emphysema produced in orbital
fractures can mask a latent enophthalmos that can become
evident toward the 2nd or 3rd week, when the edema and
emphysema disappear.2 On the other hand, a number of stud-
ies published in recent years have shown that an increase in
orbital volume, without taking into account the changes pro-
duced in the soft tissues (which are less determinant in the
development of enophthalmos), correlates linearly with the
development and severity of posttraumatic enophthalmos.6–12
The objective of this study is to carry out a systematic
review of the literature to quantify, using measurements
obtained from computed tomography (CT) images, the area of
the defect in the orbital walls and the increase in volume of the
orbital cavity in orbital trauma. As orbital fracture will result
in the development of ocular symptoms, it is an indication for
surgical reconstruction of the orbital walls. The quantiﬁcation
of these 2 data by CT could serve as a guideline and indication
for this reconstruction.
Material  and  methods
All the searches were performed electronically according to
the bases proposed in the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement,13 on
10 February 2014, using the Medline (PubMed), Cochrane Plus,
Scielo and Education Resources Information Center (ERIC)
databases and search engines. The inclusion and exclusion
criteria were established a priori. The search involved the use
of the medical terms: “orbital”, “volume”, “fracture”, enoph-
thalmos” and “computer”.
With these key words, we  found 27 articles, but selected
only those that met  the following inclusion criteria: (1) mea-
surements made from CT images; (2) fractures that involved
only one orbit; (3) orbital ﬂoor or medial wall fractures; (4)
the determination of the volume or area; and (5) deﬁni-
tion of the degree of enophthalmos according to the orbital
defect. We also excluded those studies in which the site
of the fracture was not speciﬁed and those that included
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lateral orbital wall or orbital roof fractures. Articles in which
there was duplicity of cases were also excluded. In addi-
tion, we  analyzed the bibliography cited in the selected
studies to evaluate certain aspects that could be rele-
vant.
A critical reading of the material was carried out in accor-
dance with the critical reading program, Critical Appraisal
Skills Programme: Spanish (CASPe),14 to determine the valid-
ity of the results, taking into account the following criteria:
size and representativeness of the sample; mean patient age;
duration of follow-up; and discussion of the biases and limita-
tions of the study in the article. Only those articles for which
positive responses could be given to a minimum of 8 out of 10
questions posed by the CASPe program were selected. These
articles were classiﬁed as being of high methodological qual-
ity.
Of all the articles, ﬁve9,17–20 were considered to be of
high methodological quality. In addition to these reports,
we  included all the articles cited in them that focused on
the quantitative determination of the fracture defect size
that would lead to the development of symptoms, and also
met  the abovementioned inclusion criteria, but had not been
included in the original search with the aforementioned key
words because of their titles. Thus, 4 more  studies were
added,11,15,16,21 for a total of 9 articles reviewed. Data were
collected on all the important variables, including publication
year, ﬁrst author, country of origin and language, number of
cases, type of measurement performed, patient ages, image
acquisition system and the surface or volume measurements
obtained (Table 1).
Results
Study  selection
We  identiﬁed 9 articles9,11,15–21 that met  all the above-
mentioned inclusion criteria; they involved a total of 256
patients with unilateral orbital ﬂoor or medial wall fracture.
All of the patients were studied by CT to determine the area of
the fracture or the increase in orbital volume following trau-
matism. As very few articles discussed the possible biases and
limitations, this parameter did not enable the discrimination
of the quality of the studies. Thus, it was not considered a
posteriori as a study quality criterion.
Description  of  the  Studies  Included
Nine studies published between 1994 and 2010, summarized
in Table 1, described the relationship between the size of the
orbital fracture defect and the development of posttraumatic
enophthalmos. They involved a total of 9 separate groups
of surgeons. The sample size in the different studies ranged
between 9 and 38 cases, and the patients were enrolled con-
secutively in every case.
All of the authors used the contralateral orbit as a reference
for comparing the measurements obtained. The follow-up
period differed in each article, ranging between 3 and 72
months.
Study  population
The age range across all the reports was from 11 to 88 years.
Only 2 studies included patients under 18 years of age. In all,
68% of the individuals enrolled were men.
Fracture  sites
All of the studies included only those orbital fractures that
involved orbital ﬂoor or medial wall or a combination of both;
thus, fractures of the orbital roof or lateral wall were excluded.
Of the total of 256 fractures studied, 86 (33.6%) affected the
medial wall alone, 105 (41%) were isolated orbital ﬂoor frac-
tures and 65 (25.4%) involved both sites.
Degree  of  enophthalmos
The studies that determined the area of the orbital wall frac-
ture defect reported measurements ranging between 1.10 and
3.38 cm2, which correlated with enophthalmos of 2 mm.  With
respect to the measurements of the posttraumatic volume, the
ﬁnding was that, for every cm3 of increase in volume, enoph-
thalmos ranging between 0.47 and 0.93 mm,  depending on the
study in question, was produced. Kolk et al.17 even deﬁne a
portion of the orbital walls, the so-called “key area”, located
in the posterior part of the orbital cavity, between the orbital
ﬂoor and medial wall, the involvement of which is associated
with a higher incidence of sequelae (Fig. 1).
The close correlation between the change in orbital volume
resulting from fracture and the degree of enophthalmos was
demonstrated by Anh et al., Fan et al., Ploder et al. and White-
house et al. using Pearson correlation. The analysis of the
linear correlation of enophthalmos with the change in orbital
volume resulted in the following mathematical formulas:
- Anh et al.18: E = 0.84V + 0.07. P < 0.001, SEE = 0.58 mm,  r = 0.86,
n = 35
- Fan et al.19: E = 0.89V + 0.08. P < 0.001, r = 0.95, n = 16
- Whitehouse et al.11: E = 0.77V − 0.68. P < 0.001, SEE = 0.63 mm,
r = 0.87, n = 11
- Ploder et al.20: V = 0.66 + 0.478E. P = 0.002, r = 0.64, n = 38
E: enophthalmos; SEE: standard error of the estimate; V:
volume change in cm3.
Description  of  the  systems  for  measuring  the  area  of  the
fracture  and  change  in  volume
The measuring systems used by the authors varied depend-
ing on the publication year, with Osirix, which was utilized by
Scolozzi et al.,15 being the most advanced software of those
employed in the different studies included in this review.
Discussion
Enophthalmos ≥2 mm has classically been considered to
require surgical reconstruction of the orbital walls to restore
orbital function and correct the cosmetic sequelae associ-
ated with enophthalmos. Burm et al.22 and Lee et al.16 report
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Table 1 – Image acquisition system and measurements obtained for surface area or volume.
Year Author Place of work n Sex
W/M
Area  or
volume
Age range (years) Follow-up time
(months)
Fracture site Measurement system
applied to CT images
Results: indication for
surgical repair
2010 Scolozzi et al.15 Hôpitaux
Universitaire de
Genève,
Switzerland
20 4/16 cm2 [19–88] 40.1 6–13 MW:  3 OF: 13
MW + OF: 4
Osirix Defect > 2 cm2 or
affecting the
entire orbit or
medial wall
2009 Lee et al.16 Kosin University
College of
Medicine, Busan,
Korea
36 Not speciﬁed cm2 Not speciﬁed Not speciﬁed MW:  36 (only
MW)
Not  speciﬁed Enophthalmos ≥ 2 mm:
defect 1.10 cm2
2007 Kolk et al.17 University of
Technology of
Munich,
Germany
36 12/14 cm3 [17–83] 30.6 3–4 MW:  8 OF: 22
MW + OF: 6
Easy vision 4.3
Workstation, Phillips
1  cm3 increase in
V = E of 0.93 mm
2007 Ahn et al.18 College of
Medicine,
Dong-A
University, Korea
35 Not speciﬁed cm3 Not speciﬁed
37.06 ± 15.14
3 MW:  25 OF: 2
MW + OF: 8
SOMATOM S 16
Siemens
1  cm3 increase in
V = E of 0.91 mm.
Enophthal-
mos ≥ 2 mm:
increase in V of
2.30 cm3
Enophthal-
mos = 0.84 V + 0.07
2003 Fan et al.19 Shanghai Second
Medical
University, China
16 5/11 cm3 [19–46] 6–16 MW:  2 OF: 4
MW + OF: 10
SOMATOM Art-II
Siemens IGE9800 CT
Scanner
1 cm3 increase in
V = E of 0.89 mm.
Enophthal-
mos = 0.89V +  0.08
2002 Ploder et al.20 University of
Vienna Medical
School, Austria
38  11/27 cm2
cm3
[11–81]
38.5 ± 19.1
Not speciﬁed OS: 38 (only OF) Phillips Easy Vision Enophthalmos ≥ 2 mm = 1.62 cm3
increase in V.
Enophthal-
mos ≥ 2 mm = defect
of 3.38 cm2.
V = 0.66 + 0.478E
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Fig. 1 – “Key area”, corresponding to the zone of transition
between the posteromedial portion of the orbital ﬂoor and
the medial wall.
late enophthalmos in 75% of the patients with untreated
medial orbital wall fracture, an incidence that indicates the
importance of an adequate evaluation of patients with orbital
trauma of this type.
The causes of enophthalmos are considered to be: (a) pro-
lapse of the orbital soft tissue contents into the maxillary
sinus; (b) orbital fat atrophy; (c) loss of support by the orbital
bones; and (d) increased orbital volume.23 At the present time,
the major cause of enophthalmos following surgery for orbital
reconstruction is considered to be the nonanatomic or inade-
quate correction of the defect, especially when the increase in
volume has been produced by a fracture in the most posterior
portion of the orbital ﬂoor or in the zone of transition between
the posteromedial portion of the orbital ﬂoor and the medial
wall, in the so-called “key area”,17 in which small defects have
a more  severe impact on volume, compared to that produced
at other sites.
On the other hand, the most important limitation common
to all the studies published to date, including those referred to
here, lies in the use of the intact orbit of the patients to deter-
mine the increase in volume produced in the contralateral
orbit by the fracture. Under normal conditions, in the absence
of orbital trauma, the volumes of left and right orbits can differ
by up to 7–8%.7,23 Thus, this method of measuring the change
in volume was the greatest limitation in all the articles.
Dolynchuk et al.24 demonstrated that enophthalmos can
result from increases in orbital volume starting at 5% to 10%.16
This calculation takes into account the estimated normal
variability (7–8%). One thing that does appear to be clear is
that, given the high probability of the development of enoph-
thalmos, surgery would be indicated when the volume had
increased by more  than 10–15%.9
We  should also point out the wide variability in the results
obtained from the measurements, spanning ranges that are
r e v  e s p  c i r  o r a l  m a x i l o f a c .  2016;38(1):42–48 47
very far from one another, with the greatest differences being
observed among those authors who  determined the area of the
fracture defect. Ploder et al.20 are the most conservative in this
respect, reporting that a fracture area of 3.38 cm2 leads to 2 mm
of enophthalmos, and Lee et al.,16 the least, indicating orbital
wall reconstruction with defects of only 1.10 cm2. In contrast,
the results in terms of the volume increase that the different
degrees of enophthalmos will produce are more  homoge-
neous, from which we can deduce that these values are more
accurate for the determination of the degree of posttraumatic
enophthalmos than the calculations based on the measure-
ment of the area of the defect. This disparity in the ﬁndings
can be explained by the variability in the means of CT image
acquisition and the measuring methods employed by each
group of authors. Moreover, the great advances made in these
systems over the last 2 decades should be taken into account.
During this time, the degree of accuracy in the measurements
has increased markedly with the modern equipment for image
acquisition and the development of new measurement soft-
ware, that enable an increasingly thorough and precise study
of the defects resulting from orbital fractures. Thus, it is log-
ical to think that the most recent studies are based on more
accurate measurements and, consequently, the data are more
reliable.
With respect to the mathematical formulas obtained from
the analysis of the linear correlation of enophthalmos and
the orbital volume after fracture, they are useful tools for
establishing a treatment protocol that enables the early
determination of the degree of posttraumatic enophthal-
mos  that, if surgery is delayed, could result in sequelae
that are difﬁcult to treat once established. However, the
variability in the mathematical constants of each of the for-
mulas described still make the results obtained from these
equations unreliable, with the added difﬁculty that comes
with having to have the adequate means and skill to mea-
sure the volume of the orbital cavity before enophthalmos
develops.
Conclusions
The volumetric data provided by the studies included in this
review are highly heterogeneous and, therefore, should be
interpreted with caution. We consider that the values found
in the most recent studies are more  reliable because the mea-
surement methods and image  acquisition systems are more
accurate than those of past decades.
There is no large-scale anthropometric study of the orbit
that serves as a reference and permits the estimate of volumes
without having to use the contralateral orbit.
Studies with large sample sizes are necessary to enable
the establishment of accurate mathematical equations for
the early prediction of the development enophthalmos
≥2 mm that will require surgical repair of the orbital
walls.
To date, and according to published results, surgical recon-
struction of the orbit should be indicated when the wall defect
is greater than 2 cm2, when the orbital volume increases by
more than 1.62 cm3, and when the orbital volume is increased
by more  than 10–15%.
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